. 13 Table S1 [BODIPY] = dye concentration at (t = 0 s) (M) R i = rate of initiation (M s -1 ), summarized Table S1 n = stoichiometry a
[RTA] = antioxidant concentration (M) = slope of inhibited period (M s -1 ), determined from slope of solid red line as in Figure S1A -C a Stoichiometry for determining k inh was assumed to be 2 for phenolic and aminic RTAs (Lip-1 and Fer-1) when the observed n ≥ 2. When the observed n < 2, the observed n was used to determine k inh .
(Eq. 2)
t inh = inhibition time (s), determined from intersection of red lines as in Figure S1 R i = rate of initiation (M s -1 ), summarized Table S1 [RTA] = antioxidant concentration (M) Figure S1 . Sample coautoxidation plots for determining reaction stoichiometries and inhibition rate constants. Representative PBD-BODIPY and styrene coautoxidation plots initiated by AIBN (6 mM) and inhibited by Lip-1 (4 µM, A), Fer-1 (4 µM, B) and α-TOH (2 µM, C) at 37 °C. Reaction progress was monitored by loss of absorbance at 591 nm (ε = 139,000 M -1 cm -1 ). 
Supplementary Experimental
Inhibited autoxidation of cumene in chlorobenzene. These experiments were carried out in a manner similar to that described in our previous work. 1 In brief, cumene was washed thrice with 1 M aqueous NaOH, dried over MgSO 4 , filtered, distilled under vacuum and purified by percolating through silica, then basic alumina. To a cuvette of 1.25 mL cumene was added 1.18 mL chlorobenzene and the solution equilibrated for 5 minutes at 37°C. The cuvette was blanked and 12.5 µL of 2 mM STY-BODIPY in 1,2,4-trichlorobenzene was added followed by 50 µL of 0.3 M AIBN in chlorobenzene and the solution was thoroughly mixed. After 20 minutes, an aliquot of Lip-1, Fer-1, C 15 -THN, PMHC or α-TOH stock solution (1 mM) in chlorobenzene was added and the loss of absorbance at 571 nm followed. The inhibition rate constant (k inh ) and stoichiometry (n) was determined for each experiment as shown above. Autoxidations were carried out in triplicate.
Inhibited autoxidation of THF in DMSO and chlorobenzene.
To a cuvette of 1.19 mL chlorobenzene was added 0.62 mL unstabilized THF and 0.62 mL DMSO and the solution equilibrated for 5 minutes at 37 °C. The cuvette was blanked and 12.5 µL of 2 mM PBD-BODIPY in 1,2,4-trichlorobenzene was added followed by 50 µL of 0.3 M AIBN in chlorobenzene and the solution was thoroughly mixed. After 5 minutes, an aliquot of Lip-1, Fer-1, C 15 -THN, PMHC or α-TOH stock solution (1 mM) in DMSO was added and the loss of absorbance at 588 nm followed. The inhibition rate constant (k inh ) and stoichiometry (n) was determined for each experiment as shown above. Autoxidations were carried out in triplicate.
Inhibited autoxidation of styrene for determining KIEs.
Lip-1 and Fer-1 stocks (10 mM) were stirred in methanol or methanol-d 4 overnight under N 2 and complete deuterium exchange was confirmed by 1 H NMR. Autoxidations of proteated and deuterated RTAs were completed in parallel and identical to styrene autoxidations described in the main article with the inclusion of 1% MeOH (HPLC grade) or MeOD prior to blanking the cuvette.
EPR experiments.
Electron paramagnetic resonance spectra were recorded on a Bruker EMXplus spectrometer equipped with an ER 4119HS cavity at room temperature. Samples were diluted in benzene and degassed by at least 3 freeze-pump-thaw cycles. EPR spectra were simulated using EasySpin.
2
Quantum chemical calculations.
Calculations of the bond dissociation energies were carried out using the CBS-QB3 complete basis set method 3 as it is implemented in the Gaussian 09 software.
Synthesis of Lip-1. o-phenylenediamine (1.081 g, 10 mmol, 1 equiv.) and N-acetyl-4-piperidinone (1.412 g, 10 mmol, 1 equiv.) were heated to reflux in 15 mL dry methanol for 4 h under N 2 . The reaction mixture was allowed to cool to 50°C, and a solution of TMSCl (1.27 mL, 10 mmol, 1 equiv.) in 7.5 mL dry acetonitrile was added dropwise over 15 min, followed by 1-chloro-3-isocyanomethylbenzene 6 (1.516 g, 10 mmol, 1 eq) in 7.5 mL dry methanol dropwise over 1 h.
1-(3'-((3-chlorobenzyl)amino)-1'H-spiro[piperidine-4,2'-quinoxalin]-1-yl)ethanone (Nacetyl Lip-1): N-acetyl
The reaction mixture was stirred for 4 h at 50°C, cooled, and concentrated in vacuo. The residue was triturated in 50 mL dry ether followed by sonication for 10 min. The precipitate was collected by filtration, air dried, and transferred portionwise to 50 mL of water. The mixture was stirred during addition of 1 M aqueous NaOH to pH 9, and extracted with 6 × 50 mL CHCl 3 . The combined organic layers were washed with brine, dried over MgSO 4 , filtered and concentrated to yield a brown oil which was purified by silica gel chromatography, 1 
Generation of nitroxides.
Attempts to independently synthesize the nitroxides derived from Lip-1 and Fer-1 were challenging, and generally lead to intractable mixtures from which a single nitroxide could not be isolated. For example, UV irradiation of Lip-1 in the presence of dibenzothiophene S-oxide (mild conditions we have recently developed for the synthesis of nitroxides) led to a mixture of at least two nitroxides ( Figure S5 ), as well as other (diamagnetic) products. 
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